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Measurement of the current-voltage characteristics of point contacts makes it possible to study
the properties of individual crystallites in a superconducting ceramic. The critical current density
in the superconducting regions of the ceramic La1.8Sr0.2CuO4, with a size of the order of several
tens of angstroms, is found to attain values of 108 A/cm2, which are of the same order of magnitude
as the pair-breaking current density, as evaluated from the formulas of the standard theory of
superconductivity.
PACS numbers: 74.25.Sv; 74,45+c; 74.25.Fy; 74.72.-h; 74.72.Dn
In superconducting oxides with high critical parame-
ters (Tc, Hc2) the critical current density is usually many
orders of magnitude lower than the pair-breaking current
density, estimated from the formulas of the standard the-
ory of conductivity [1]. This is attributed either to the
existence of weak contacts between the superconducting
granules in such materials or by the very low vortex-
pinning force, in the case of single crystals with a high
degree of perfection [2].
Measurements of the I-V characteristics of point con-
tacts whose size d is of the order of several tens of
angstro¨ms makes it possible to study the characteris-
tics of a superconductor under conditions when a vortex
structure is not formed and the effect of the nonunifor-
mity of the order parameter at distances greater than
d can be disregarded because of the three-dimensional
spreading of current from the region of the contact.
Because of the low concentration of the superconduct-
ing phase in the La1.8Sr0.2CuO4 samples studied, it is
very difficult to form an S-c-S point contact between two
regions with high critical parameters. Using copper as
the counterelectrode, we managed to prepare clamped
Cu − La1.8Sr0.2CuO4 point contacts (see the inset to
Fig.1), whose characteristics clearly displayed supercon-
ductivity at temperatures below T ∗c ≈ 27 K, close to the
Tc of the bulk sample.
The I-V curves shown in Fig.1 were taken at different
temperatures for one of the point contacts. For low bi-
ases and low temperatures the resistance R0 is due to the
copper electrode while for high eV the I-V characteristic
is similar to that in the normal state and the differential
resistance RN is determined almost entirely by the resis-
tance to contraction in the ceramic (ρceram  ρCu). The
FIG. 1: Current-voltage characteristics of a copper-
La1.8Sr0.2CuO4 ceramic point contact at 4.1 K (1), 10.8 K(2),
19 K (3), 24.2 K (4), and 27.4 K (5), the dV/dI(V ) charac-
teristics at 10.8 K (curve a), and the excess current Iexc at
T = 4.1 K.
ratio r = RN/R0 varied over a wide range for different
contacts and, apparently, is determined by the fraction
of superconducting phase in the region near the contact
on the side of the ceramic. The maximum values of r
(10-20) attained in the best contacts corresponded to a
negligible contribution to R0 from the resistance of the
normal phase of the ceramic. At low temperatures the
attainment of the critical current Ic is accompanied by a
jump in the voltage and hysteresis of the I-V character-
istic. The superconductivity in the region of the contact
is not destroyed completely, however, as is evidenced by
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2FIG. 2: Temperature dependences of ∆1, ∆2, and Iexc in
reduced coordinates.
the excess current Iexc, whose value is close to Ic. Appar-
ently, a region of slippage of the order-parameter phase
is formed and in this region normal quasiparticles trans-
porting current above Ic are generated. The existence of
”critical” and excess currents indicates that the super-
conductor near the contact is capable of carrying super-
current with a density jc ∼ Ic/d2 ∼ Iexc/d2.
We evaluate the lower limit for the contact diam-
eter, assuming that the electron transit in the cop-
per edge is ballistic; d >∼ (16ρl/3piR0)1/2. For
R0 = 83 Ω and ρl = 0.66 · 10−11 Ω · cm2 we ob-
tain d >∼ 37 A˚. On the other hand, assuming that
the electron motion in the normal ceramic is via diffu-
sion (l < d), we obtain for the upper limit the value
d <∼ ρceram/2RN ≈ 120 A˚, where RN = 750 Ω and
ρceram ≈ 1.6·10−3 Ω·cm is the La1.8Sr0.2CuO4 bulk resis-
tivity. Therefore, 1.0 ·108 A/cm2 < jexpc < 1.1 ·109 /cm2.
We compare this estimate with the pair-breaking cur-
rent density jc = (
√
2/6pi
√
3) × (cHcm/λ). Substituting
Hcm ≈ 4.5 · 103 Oe and λ ≈ 2500 A˚ into this formula, we
have jtheorc ≈ 0.8 · 108 A/cm2. An estimate of the pair-
breaking current can also be obtained by using the exper-
imental value of the gap ∆2, measured on the basis of the
position of the dV/dI minimum on the eV axis (see curve
a in Fig.1) and the carrier concentration n ≈ 1021 cm−3,
giving pF ≈ 3.2 · 10−20 g · cm/sec. For ∆2(0) ≈ 13 meV
we again obtain jtheorc = en(∆/pF ) ≈ 108 A/cm2. As is
known, the gap minima on the dV/dI characteristics of
point contacts with direct conduction are due to reflec-
tion of quasiparticles from the N-S boundary as a result
of the mismatch of the electron parameters at the edges.
From Fig.1 (curve a) we see that dV/dI has two min-
ima, corresponding to two values of the gap. For the
estimate we chose the large gap ∆2, since the transi-
tion to the segment of the I-V curve with the high re-
sistance RN occurs near it. This transition means that
the excess energy of the quasiparticles impinging on the
superconductor exceeds the energy gap that determines
the current-carrying capacity of the superconductor. We
note that, according to our estimates, the contact diam-
eter is comparable with the coherence length ξ ≈ 20 A˚.
Vortices cannot come into being and move, therefore, in
the vicinity of the contact.
From Fig.2 we see that with increasing temperature
the energy gaps ∆1(T ) and ∆2(T ) in reduced coordi-
nates decrease more rapidly than Iexc(T ) does. These
data support our assumption [3] that the superconduc-
tivity of the ceramic is gapless in an appreciable tem-
perature range below the temperature T ∗c , at which the
nonlinearity of the I-V characteristic first appears near
V = 0. Material with highly uniform superconducting
properties is necessary in order to ascertain whether gap-
less superconductivity is an intrinsic property of ceramic
superconductors or is due to the proximity effect in the
presence of neighboring sections of normal phase.
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